Abstract This study analyzes the mean maximum and minimum temperature trends on a monthly, seasonal, and annual timescale by applying various statistical tools to data from 476 Spanish weather stations during the period between 1961 and 2006. The magnitude of the trends was derived from the slopes of the regression lines using the least squares method, and the nonparametric Mann-Kendall test was used to determine the statistical significance of the trends. Temperature significantly increased in over 60% of the country in March, June, spring, and summer in the case of maximum temperatures and in March, May, June, August, spring, and summer for minimum temperatures. At the annual resolution, temperatures significantly increased in over 90% of Spain with a rise of around 0.3°C/decade. The maximum temperature increased at a higher rate than the minimum temperature from midsummer to early winter as well as in winter, spring, and summer and also on an annual basis.
Introduction
The global mean surface temperature observed increased about 0.74°C between 1901 and 2005, with the largest increase occurring over land, and greater rates of warming have been recorded since 1950 (Trenberth et al. 2007 ). Changes in maximum and minimum temperatures can also be useful indicators of climate change and variability (Braganza et al. 2004) .
Various studies involving analyses of maximum and minimum temperatures have been carried out on a global scale over the last 15 years (Easterling et al. 1997 (Easterling et al. , 2006 Folland et al. 2001; Stone and Weaver 2002; Vose et al. 2005; Alexander et al. 2006) . Most of these authors reported annual increases of around 0.1-0.15°C/decade for the maximum temperature and between 0.1°C and 0.2°C/decade for the minimum temperature. Since 1979, the daily minimum temperature has increased in most areas of the world except in Western Australia and southern Argentina and parts of the western Pacific Ocean. The daily maximum temperature has also risen in most regions except northern Peru, northern Argentina, northwestern Australia, and parts of the north Pacific Ocean (Vose et al. 2005) .
For Europe and the Mediterranean Basin, numerous studies can be cited concerning these climatic variables: Kutiel and Maheras (1998) , Brunetti et al. (2000 Brunetti et al. ( , 2004 Brunetti et al. ( , 2006 , Hasanean (2001) , Ventura et al. (2002) , Tank and Konnen (2003) , Founda et al. (2004) , , Domroes and El-Tantawi (2005) , Goubanova and Li (2005) , Kumar et al. (2005) , Moberg et al. (2006) , Toreti and Desiato (2008) , and Klok and Tank (2009) . These authors reported a generalized warming of maximum and minimum temperatures. The magnitude of trends differs according to the area and the period studied. Differences between the results proposed by these authors can also be seen when comparing the rate of increase of maximum and minimum temperatures. Founda et al. (2004) for Athens, Toreti and Desiato (2008) for Italy, Sánchez et al. (2004) for the Mediterranean, and Klok and Tank (2009) for the whole of Europe have highlighted the fact that the maximum temperature has increased at a higher rate than the minimum temperature.
Several authors have also carried out analyses of maximum and minimum temperatures on different spatial scales over the past 15 years in Spain: Oñate and Pou (1996) , Brunet et al. (1999 , 2005 , 2007 , 2009 ), de Castro et al. (2005 , Sigró et al. (2008 Sigró et al. ( , 2009 , and Bladé and Castro-Díez (2010) for the whole of Spain; Abaurrea et al. (2001 Abaurrea et al. ( , 2006 for the Ebro Basin; Cañada et al. (2001) and Galán et al. (2001) for the Southern Plateau; Horcas et al. (2001) for the Segura Basin; Morales et al. (2005) and del Río et al. (2007) for Castile-León; Cruz and Lage (2006) for Galicia; García-Barrón et al. (2006) , Castro-Díez et al. (2007) , and Ordóñez (2008) for Andalusia; Brunet et al. (1999 Brunet et al. ( , 2001a , Serra et al. (2001) , Miró et al. (2006) , Peña Rabadán et al. (2006) , Abaurrea et al. (2006) , and Martínez et al. (2010) for eastern Spain; and Homar et al. (2010) for the Balearic Islands.
Despite the different periods and the scales analyzed, most of them coincide in finding an increase in Spanish maximum and minimum temperatures over the past few decades. The increase in the maximum temperature for the whole of Spain found by Brunet et al. (2006 Brunet et al. ( , 2007 Brunet et al. ( , 2009 and Sigró et al. (2009) is about 0.1-0.2°C/decade, concurring with results found for the Northern Hemisphere by Easterling et al. (1997 Easterling et al. ( , 2006 , Stone and Weaver (2002) , and Vose et al. (2005) . The same rate of increase was found on the local and regional scale by Piñol et al. (1998) , Horcas et al. (2001) , Serra et al. (2001) , García-Barrón et al. (2006) , Castro-Díez et al. (2007) , and Brunet et al. (2008) . Different results have also been found in the literature regarding the season with the highest contribution to annual trends. Brunet et al. (1999 Brunet et al. ( , 2001b Brunet et al. ( , 2006 Brunet et al. ( , 2009 reported that for the whole of Spain, winter is the season with the highest increases, concurring with the findings of Vose et al. (2005) on the global scale. Nevertheless, other authors found spring to be the season with the greatest increases in maximum temperature at the national resolution (Horcas et al. 2001; Cruz and Lage 2006; Ordóñez 2008; Martínez et al. 2010 ). The same result was obtained by Easterling et al. (1997) on the global scale.
With regard to the results found in the earlier literature for annual minimum temperature trends, Brunet et al. (2006 Brunet et al. ( , 2007 Brunet et al. ( , 2009 ) and Sigró et al. (2009) reported lower increases in this variable than in maximum temperatures for the whole of Spain. Rises of between 0.1°C and 0.2°C/decade on the regional scale were also indicated by Brunet et al. (2001b Brunet et al. ( , 2008 , while other authors found increases of about 0.5°C/decade (Labajo and Piorno 1999; Galán et al. 2001; Cruz and Lage 2006; Peña-Rabadán et al. 2006; Homar et al. 2010; Martínez et al. 2010) . Horcas et al. (2001) , Cruz and Lage (2006) , Martínez et al. (2010) , and Easterling et al. (2006) reported that summer is the season which makes the highest contribution to annual trends for minimum temperatures; however, Brunet et al. (1999 , 2007 , 2009 ), Serra et al. (2001 , and Sigró et al. (2009) are in disagreement with these results.
Many of the authors previously mentioned also analyzed the difference between maximum and minimum temperatures (diurnal temperature range, DTR). On the global scale, Karl et al. (1993) , Easterling et al. (1997) , Folland et al. (2001) , Stone and Weaver (2002) , Vose et al. (2005) , and Zhou et al. (2009a, b) noted a sharper increase in minimum air temperature relative to maximum air temperature since 1950. This fact represents a downward trend in DTR. Nevertheless, most studies on Spanish temperature change show that the maximum temperature has increased at a greater rate than the minimum temperature, thus producing an upward trend in DTR (Abaurrea et al. 2001; Brunet et al. 2001a Brunet et al. , b, 2005 Brunet et al. , 2006 Brunet et al. , 2007 Horcas et al. 2001; Galán et al. 2001; Morales et al. 2005; del Río et al. 2007 ).
The spatial distribution of climatological variables is required as input for spatially explicit regional and global landscape models (Collins and Bolstad 1996; CarreraHernádez and Gaskin 2007) . Studies of spatial distribution of maximum and minimum temperatures can be improved using interpolation techniques which are commonly applied in geographical information systems (GIS). The use of GIS in climatology enables maps to be created which highlight the spatial properties of climate data (Esteban et al. 2009 ).
Spatial interpolation techniques such as splines, Thiessen, inverse distance weight (IDW), polynomial interpolation, and kriging have been applied by different authors to build maps of maximum and minimum temperatures on different spatial scales, e.g., Kurtzman and Kadmon (1999) , Courault and Monestiez (1999) , Ninyerola et al. (2000 Ninyerola et al. ( , 2007 , Jarvis and Stuart (2001a, b) , Luna et al. (2006), Carrera-Hernádez and Gaskin (2007) , DeGaetano and Belcher (2007) , Esteban et al. (2009 ), Cao et al. (2009 ), and Spadavecchia and Williams (2009 .
The results proposed by some of these authors revealed that kriging is the most accurate method for interpolating these climatic variables. In view of this fact, Collins and Bolstad (1996) indicate that a regionalized variable such as temperature could be useful for kriging and cokriging.
The main aim of the present study is to contribute to the knowledge of the behavior of maximum and minimum temperatures (sign and magnitude) occurring in Spain over the last four decades, on a monthly, seasonal, and annual timescale. Moreover, the authors consider that the combination of classical trend tests with spatial interpolation techniques presented in this paper can contribute to a better spatial-temporal interpretation of the trends found.
Study area
Spain covers an area of 493,892 km 2 and is located on the Iberian Peninsula in southwestern Europe, at 36°-44°N and between 10°W and 3°E. Its mainland is bordered to the south and east by the Mediterranean Sea, to the north by France along the Pyrenees and the Bay of Biscay, and to the northwest by Portugal and the Atlantic Ocean.
The mainland is dominated by high plateaus and mountain ranges such as the Bética System in the south, the Pyrenees and the Cantabrian Mountains in the north, and the Central Range and the Iberian System, the latter extending from the eastern foothills of the Cantabrian Mountains to the Bética System (Fig. 1a) . The complex orography and location of the Iberian Peninsula gives rise to a high variability in the spatial distribution of temperature (Font Tullot 2000) , making it very interesting from a climatic point of view (Bladé and Castro-Díez 2010) .
Mean maximum temperatures range in winter between 6°C and 11°C on both plains and in the Intra-Iberian depression and between 12°C and 17°C on the Galician and Cantabrian coasts, in the Mediterranean region, and the Gulf of Cadiz. Mean minimum temperatures in winter fluctuate between −3°C and 3°C in inner and mountainous areas and 5-11°C on the coast and in the Balearic Islands.
Maximum temperatures in summer range between 24°C and 34°C in inner areas and 22-31°C on the coast. The highest values correspond to the Bética depression. The highest mean minimum temperatures are on the Mediterranean coast and in the Balearic and Canary Islands.
3 Data set and methods
Data set
Monthly mean maximum and minimum temperature records were analyzed in this study. These data were first collected from 482 Spanish weather stations during the period 1961-2006. Temperature series were provided by the Spanish Meteorological Agency (AEMET) (Fig. 1b) . Homogeneity, length, and completeness of records were the criteria used to select the stations in order to cover most of the country. Only stations with less than 3% of missing values in relation to the total weather station data for the whole study period have been chosen. Missing data have been replaced with the corresponding monthly long-term mean value (Rodríguez-Puebla et al. 1998; Muñoz-Diaz and Rodrigo 2006) .
A data homogeneity analysis was also carried out. There are two groups of homogeneity tests in the literature: one (absolute tests) considers the homogeneity of the series and is applied separately to the data from each station, and the other (relative tests) considers homogeneity using the relationships between neighboring stations. In this paper, we have used three absolute homogeneity tests: KruskalWallis (for independent samples) and Friedman's F and Kendall's W tests for related samples. The Kruskal-Wallis test provides a means to determine whether the difference in the average ranks of three or more independent samples is significant. Essentially, this test reveals whether the hypothesis that all the samples came from the same parent population can safely be rejected. The Friedman test is a nonparametric alternative to one-way repeated measures analysis of variance. Kendall's is a normalization of the Friedman statistic. These tests have been mostly applied for checking the homogeneity of meteorological data (Türkes 1999; Türkes et al. 2002 Türkes et al. , 2009 Ventura et al. 2002; Mosmann et al. 2004; Pao-Shan et al. 2006; Lucio et al. 2007; Tonkaz et al. 2007; Costa and Soares 2009 ). The null hypothesis was rejected for six weather stations once these tests were applied. We therefore worked with temperature data from a station every 1,038 km 2 . This represents on average a circle with a radius of approximately 32.2 km. The high density of weather stations over the study area guarantees the reliability of the results.
Methods
Two statistical techniques (linear and nonparametric tests) were applied to each of the 476 weather stations in order to perform the trend analysis at the monthly, seasonal, and annual resolution. Suppiah and Hennessy (1996) and Rodrigo and Trigo (2007) point out that more information may be obtained by combining both techniques.
The magnitude of the trends and their statistical significance was calculated with the MAKESENS Microsoft Excel Template (Salmi et al. 2002) . MAKESENS performs two types of statistical analyses. The slope of the linear trend is estimated with the nonparametric Sen's method (Sen 1968 ). Sen's estimator is a good source for an approach to slope estimation via Kendall's tau because it is statistically robust and unbiased (Zhang et al. 2004; Peterson et al. 2008) . Its numerous advantages have made it useful for analyzing atmospheric data, as it is less affected by outliers (Sen 1968; Lanzante 1996) . This methodology has been applied to climatic data by several authors: Horton et al. (2001) , Partal and Kahya (2006) , Peterson et al. (2008) , Olofintoye and Sule (2010) , Karpouzos et al. (2010), and de Lima et al. (2010) . The statistical significance of the trends was tested with the Mann-Kendall test.
Prior to apply this test, it was checked that there is no serial correlation in the regression residuals. Geostatistical techniques were used to generate temperature trend maps of mean maximum temperature (henceforth T max ) and mean minimum temperature (henceforth T min ).
Ordinary kriging was the interpolation technique chosen to build the prediction maps based on cross-validation. Cross-validation statistics for a model designed to provide accurate predictions should be as follows: the mean error is close to 0, the root-mean-square-error and average standard error is as small as possible, and the root-mean-square standardized error is close to 1 (Johnston et al. 2001 ). The best function for modeling the empirical semivariogram (for both T max and T min ) was the spherical model in January, February, April, May, October, November, December, winter, summer, autumn, and for the annual timescale. The exponential model fitted well for the remaining months and seasons of the year. Anisotropy was considered in March, April, May, June, July, August, September, winter, and spring.
Contour maps of T max and T min trends were generated with ArcGis© 9.3 software. Areas with statistically significant trends at a confidence level of 95% were also superimposed on the contour maps. 
Results and discussion

Mean maximum temperature (T max )
Figures 2 and 3 show that T max tended to increase during the study period on all the timescales analyzed. At the monthly resolution, and considering the winter months, December and February can be seen to display a similar behavior, with about 30% of the whole country showing significant positive trends. Areas with statistical significance were mainly located in the western regions. A similar pattern was found for Spanish mean temperature (del Río et al. 2011) . The percentage of sites with significant trends decreased by up to 3.8% in January. Serra et al. (2001) , Abaurrea et al. (2006) , Cruz and Lage (2006) , and del Río et al. (2007) also reported positive trends in these months for various regions in Spain. The seasonal resolution contour map showed significant positive trends in winter (also mainly in western areas) in more than 35% of the country, with increases of up to 0.029°C/year, although the average for the whole country is around 0.02°C/year. The winter behavior is similar to that described for December and February. Rises in winter T max on the global scale of between 0.1°C and 0.2°C/decade were also found by Easterling et al. (1997 Easterling et al. ( , 2006 and Vose et al. (2005) and by Caesar et al. (2006) and Moberg et al. (2006) over the whole of Europe. Positive trends for the whole of Spain or on regional scales in this season have been reported by several authors: Abaurrea et al. (2001) , Brunet et al. (1999 Brunet et al. ( , 2001a Brunet et al. ( , 2006 Brunet et al. ( , 2007 Brunet et al. ( , 2009 Trends found in winter might be mainly associated with external forcings such as greenhouse gases, solar radiation, and anthropogenic aerosols. Relationships between external forcings and variations in surface air temperature have been reported by several authors (Kaiser and Quian 2002; Gimeno et al. 2003; Wild et al. 2005 Wild et al. , 2007 Sánchez-Lorenzo et al. 2007 , 2008a , b, 2009 Calbó et al. 2008; Ruckstuhl et al. 2008; Makowski et al. 2009 ). Among these external forcings, solar radiation on the surface is an important factor in the context of recent climate change, as its variations may be related to changes in cloudiness and aerosol concentrations (Ramanathan et al. 2001; Wild et al. 2005; Wong et al. 2006; Stanhill and Cohen 2001; Stanhill 2005 Stanhill , 2007 Fig. 4 Percentages of the total territory with negative and positive T max trends at a confidence level of 95% Fig. 3 (continued) confirmed that this phenomenon also affects the Iberian Peninsula. Wild et al. (2007) pointed out that the temperature response since the mid-1980s may be a more genuine reflection of the greenhouse effect than during the previous decade, which was subject to solar dimming. Sánchez-Lorenzo et al. That is, these authors pointed out that for positive NAO, the Iberian Peninsula suffers anomalously anticyclonic circulation and reduced precipitation, and that these factors are related to reduced cloud cover; thus, the incoming solar radiation increases the maximum temperature. Nevertheless, Sáenz et al. (2001) indicated that part of the winter temperature over southwestern Europe shows a very low correlation with NAO. An analysis of the spring months shows that the highest percentage of stations with significant positive trends (more than 87%) was noted in March. This analysis reveals that T max significantly increased by between 0.03°C and 0.08°C/ year (0.06°C/year on average) in more than 95% of the whole of Spain. This result could be related to the decrease in cyclonic situations across the Iberian Peninsula (Mossmann et al. 2004 ). Significant positive trends in March have also been reported by the authors mentioned for January and (2006) for May. Seasonal trend analysis revealed that spring was the season with the highest number of stations with positive significant trends (over 85%). It confirms that T max has risen significantly in more than 96% of the country, with average increases of 0.047°C/year. Easterling et al. (1997 Easterling et al. ( , 2006 and Vose et al. (2005) have reported lower increases of T max on the global scale (around 0.1-0.2°C/decade). Positive trends in spring on the regional scale or for the whole country were pointed out by the same authors, who reported rises for T max in winter. It is also noteworthy that spring was the season with the greatest contribution to trends on an annual base. This result agrees with those mentioned by Easterling et al. (1997) for the Northern Hemisphere, Horcas et al. (2001) for the Segura Basin, Cruz and Lage (2006) for Galicia, Ordóñez (2008) for Andalusia, and Homar et al. (2010) for the Balearic Islands.
The external forcings mentioned above might also be associated with the trends found in spring. To this effect, Sánchez-Lorenzo et al. (2008a) found that maximum temperatures in Spain show good correlations (positive and negative, respectively) with sunshine duration and cloudiness. These authors also indicated that it is in spring when these relationships show a higher dependence. Moreover, Sánchez-Lorenzo et al. (2008b) reported that the behavior of sunshine duration in this season may be explained by possible trends in cloudiness related to changes in atmospheric circulation, according to the Fourth Assessment of the IPCC (Trenberth et al. 2007) . They found that the leading EOF presents the spatial structure of the NAO. Thus, this teleconnection pattern might also have some influence on the behavior of spring temperatures since its influence persists throughout the year, although it is stronger in winter (Barnston and Livezey 1987; Pozo-Vázquez et al. 2001) . Chmielewski and Rötzer (2001) have pointed out that for the period 1969-1998, the positive phase of NAO clearly increased in early spring, which has been associated with higher-than-normal temperatures in Europe during these months. Hurrell et al. (2003) also found that the influence of NAO is noticeable until April, and Kakade and Dugam (2006) noted that during spring the positive phase of NAO is linked to global continental warming. This result agrees with those of the NOAA (2011). Esteban-Parra et al. (2004) found positive correlations without statistical significance between spring T max and NAO for the Iberian Peninsula.
More than 84% of sites showed significant increases in T max in June. This implies that this variable has risen between 0.027°C and 0.08°C/year (0.05°C/year on average) in over 97% of Spain. This magnitude is similar to that found for March. Sanz-Elorza et al. (2003), Abaurrea et al. (2006) , and Sigró et al. (2006) also observed increases in T max for this month. Maps of July and August revealed a similar pattern, with the areas showing significant increases mainly located in eastern Spain. These territories represent approximately 20% of the whole country. Positive trends in both months have been noted by Sigró et al. (2008) (2007) for Castile and León. The map for summer revealed that T max increased during the study period in over 83% of Spain. This rise is around 0.043°C/year. Easterling et al. (1997 Easterling et al. ( , 2006 and Vose et al. (2005) reported increases at a lower rate on the global scale (around 0.2°C/decade). Caesar et al. (2006) and Moberg et al. (2006) also found positive summer trends in Europe. Increases in T max in this season on the national or regional scale have been noted by most authors who reported positive trends for T max in winter, as well as by Miró et al. (2006) and Sigró et al. (2006) .
Trends found in summer might also be associated to the increase in the greenhouse effect and to the shift from solar dimming to brightening. Sánchez-Lorenzo et al. (2007) pointed out that the rising temperatures in summer match the brightening occurring from the 1980s onwards. Increases found in summer might also be related to blocking conditions, subsidence, and stability over the surface of the Mediterranean Sea, as concluded by Xoplaki et al. (2003 Xoplaki et al. ( , 2006 for mean temperatures in Mediterranean territories; and also with SNAO (the summertime parallel to the winter NAO). Wang et al. (2011) suggested that the NAO regime over the Mediterranean modulates the European summer temperature over Europe. A positive phase of NAO reduces precipitation in the Mediterranean area and triggers a dry land-atmosphere system which contributes to the maximum temperature. In addition to this, Tomozeiu et al. (2002) indicated that increases in T max in this season appear to be related to the intensification of southwesterly circulation over Europe during the positive phase of NAO.
September and October showed similar behavior as regards the sign of the trend: these were the months with the highest number of weather stations with negative tendencies, although less than 5% were statistically significant. The rest of the country presented increases in this variable, albeit with a low percentage of significance (less than 5%). Serra et al. (2001) Finally, on the annual timescale, a trend towards a warmer climate was noted, with an average estimated increase of around 0.032°C/year and with more than 83% of the whole country showing significant positive trends from 1961 to 2006. The only two areas with nonstatistically significant rises are the northwestern and eastern territories. Spring and summer were the seasons with the greatest contribution to the trends observed on an annual base.
On the global scale, Easterling et al. (1997 Easterling et al. ( , 2006 , Stone and Weaver (2002) , and Vose et al. (2005) The behavior of the annual trends may be related to the causes mentioned in the seasonal analysis. Christidis et al. (2005) found that anthropogenic emissions of greenhouse gases and aerosols have had a significant impact on the global pattern of annual T max . Wild et al. (2007) also indicated that changes in T max are in line with the transition from dimming to brightening in surface solar radiation during the 1980s and with the increasing greenhouse effect. For Spain, Sánchez-Lorenzo et al. (2007) reported that changes in Spanish temperatures show similarities with the temporal evolution of sunshine, while Frias et al. (2005) mentioned that there are some teleconnection patterns associated with T max over the Iberian Peninsula such as the Artic Oscillation, East Atlantic, and NAO.
Mean minimum temperature (T min )
Figures 5 and 6 suggest that there is a generally predominant positive trend in T min on all timescales analyzed in the last four decades over Spain. At the monthly resolution and taking into account the winter months, it is noteworthy that January and February showed the lowest percentage of weather stations with significant positive trends. The pattern for December was similar to that mentioned for T max , showing significant increases in about 20% of Spain, mostly in western regions. Positive trends in this variable have previously been mentioned by Serra et al. (2001) and del Río et al. (2007) for various regions in Spain. At the seasonal resolution, fewer than 12% of sites showed statistically significant positive trends in winter. T min significantly increased in this season in only 0.3% of Spain (mainly eastern areas). These rises were of the order of 0.023°C/year, according to the results reported by Easterling et al. (1997 Easterling et al. ( , 2006 and Vose et al. (2005) on the global scale, who noted increases of winter T min of between 0.1°C and 0.27°C/decade. Studies by Caeasar et al. (2006) and Moberg et al. (2006) also concur with these results for Europe. For Spain, various authors (Brunet et al. , 2007 Sigró et al. 2009 ) have also mentioned increases in T min of around 0.01°C/year. On the regional scale, positive trends were found by Brunet et al. (1999 Brunet et al. ( , 2001a , Abaurrea et al. (2001) , Galán et al. (2001) , Serra et al. (2001) , Cruz and Lage (2006), Castro-Díez et al. (2007) , del Río et al. (2007) , Ordóñez (2008) , Homar et al. (2010), and Martínez et al. (2010) . These authors generally reported higher increases than those found in this study. It is also worth noting that winter was not the season with the most important contribution to the annual trend; indeed, it exhibited the lowest magnitude of trends in the year. This result agrees with the findings of Easterling et al. (2006) on the global scale, Cruz and Lage (2006) for Galicia, Ordóñez (2008) for Andalusia, Homar et al. (2010) for the Balearic Islands, and Martínez et al. (2010) for northeastern Spain. An analysis of the spring months reveals that T min increased significantly in March and May in over 60% of the whole of Spain. Positive trends in March have also been noted by the authors mentioned for January and February, as well as by Cruz and Lage (2006) for Galicia. Areas with significant trends (mainly located in eastern Spain) decreased in April by up to 11%. This result is similar to the findings of Abaurrea et al. (2006) . The trend analysis for spring revealed that more than 86% of the country showed statistically significant increases of around 0.034°C/year in this season. Easterling et al. (1997 Easterling et al. ( , 2006 and Vose et al. (2005) noted lower increases in this climatic variable on the global scale (0.1-0.22°C/decade). For Spain, increases in this season have been reported by the same authors mentioned in the winter analysis.
T min significantly increased in June by around 0.049°C/ year in 96% of Spain. This result agrees with the findings of Abaurrea et al. (2006) , Cruz and Lage (2006) , and . July and August exhibited a similar pattern with regard to the distribution of positive trends, although the percentage of statistical significance was higher in August (70%). Serra et al. (2001) , Sanz-Elorza et al. (2003) , Abaurrea et al. (2006) , Cruz and Lage (2006) , Sigró et al. (2006) , and del Río et al. (2007) mentioned increases in T min for various areas of Spain during these periods. On the seasonal timescale, T min also increased in summer, showing a similar behavior to spring, Fig. 6 (continued) with significant positive trends in over 85% of Spain. Rises in summer also have been reported by authors who found increases in winter and spring, as well as by Miró et al. (2006) for the region of Valencia.
It is also worth highlighting that summer displayed the highest trend slope (0.041°C/year). In fact, this was the season with the most important contribution to trends observed on the annual timescale. Fig. 7 Percentages of the total territory with negative and positive T min trends at a confidence level of 95% Fig. 6 (continued) have also pointed out upward trends for T min in this season at the national, regional, and local resolution. Moreover, rises of around 0.1-0.2°C/decade have been found on the global scale by Vose et al. (2005) and Easterling et al. (2006) (Fig. 7) . T min increased on the annual scale during the study period by around 0.03°C/year in more than 86% of Spain. Lower increases (between 0.12°C and 0.2°C/decade) on the global scale have been reported by various authors (Easterling et al. 1997 (Easterling et al. , 2006 Stone and Weaver 2002; Vose et al. 2005) . Increases in annual T min were indicated for the whole of Spain or for smaller areas by most of the authors who noted increases at the seasonal resolution, as well as by Labajo and Piorno (1999) , Cañada et al. (2001) , Galán et al. (2001) , García-Barrón et al. (2006) , and Brunet et al. (2006) .
Finally, it is worth noting that summer and spring were the seasons with the most important contribution to the annual trends, as described for T max . This result concurs with the findings of Cruz and Lage (2006) , Brunet et al. (2006) , and Martínez et al. (2010) .
Trends found for T min in this paper may be associated with the same factors mentioned for T max . Wild et al. (2007) pointed out that T min increased due to the transition in surface solar radiation from dimming to brightening during the 1980s and to the increase in greenhouse forcing. Christidis et al. (2005) found that anthropogenic emissions of greenhouse gases and aerosols have had a significant impact on annual T min . For Spain, Sánchez-Lorenzo et al. (2008a) found that dimming and brightening has also been confirmed in this season. Furthermore, Yonetani and McCabe (1994) and Labajo and Piorno (1999) concluded that increases in T min in Spain could be attributed to changes in the direction taken by low-pressure systems when they enter the Iberian Peninsula. Esteban-Parra et al. (2004) reported significant correlations between T min and NAO for the Iberian Peninsula. Scaife et al. (2008) also concluded that changes in minimum winter temperatures across Europe and northern Africa could be explained by the increase in the winter NAO. Trigo et al. (2002) also noted the relationships between the behavior of T min and NAO, highlighting the fact that the NAO signal is stronger in T min than in T max .
Finally, a comparison of the magnitudes of the trends in T max and T min found in this paper reveals that T max increased at a greater rate than T min in January, February, March, April, June, winter, spring, summer, and at the annual resolution. Other authors have also mentioned for Spain that T max has increased at greater rates than T min , thus confirming a positive trend in annual DTR (Abaurrea et al. 2001; Brunet et al. 2001a Brunet et al. , b, 2005 Brunet et al. , 2006 Brunet et al. , 2007 Horcas et al. 2001; Galán et al. 2001; Morales et al. 2005; del Río et al. 2007 ). These results also agree with the findings for other European regions (Brunetti et al. 2000 (Brunetti et al. , 2004 (Brunetti et al. , 2006 Tank and Konnen 2003; Founda et al. 2004; Sanchez et al. 2004; Drogue et al. 2005; Makowski et al. 2008) . Makowski et al. (2008) concluded that trends in DTR could mostly be determined by changes in emissions and the associated changes from "global dimming" to "global brightening".
Conclusions
This study analyzed mean maximum and minimum temperatures from 476 Spanish weather stations on a monthly, seasonal, and annual basis using different statistical tools in order to monitor the trends which occurred in Spain from 1961 to 2006.
The study has revealed the following findings:
-Increases in T max and T min have clearly predominated over negative trends in Spain during the last four decades. -Positive trends have been statistically significant in over 60% of the country in March, June, spring, and summer for T max and in March, May, June, August, spring, and summer for T min . -March and June have shown the highest magnitudes in the T max trend analysis (about 0.06°C/year, on average). For T min , the highest magnitudes have been found in June (about 0.04°C/year, on average). -At the annual resolution, both T max and T min have significantly increased by around 0.03°C/year in more than 90% of the country. Spring and summer are the seasons with the most important contribution to the annual trend. -T max has increased at a higher rate than T min in January, February, March, April, June, winter, spring, summer, and also at the annual resolution. -The increases in T max and T min noted in this paper may be associated with the increase in the greenhouse effect and the transition from dimming to brightening in surface solar radiation since the 1980s, as has been reported by several authors. Another cause may also involve the behavior of certain teleconnection patterns, and especially the NAO, since during its positive phase, there is an intensified westerly flow leading to a warming of southern Europe. Two relevant volcanic eruptions (Mount Pinatubo and El Chinchon) contributed to two transient changes on the thermometric regime at planetary scale and their specific effects on time trends over Spain is yet an open question. -Finally, the authors consider that the spatial-temporal interpretation of the trends detected is improved when combining the classical trend tests with spatial interpolation techniques.
